Study of Phthalic Acid Esters Environmental Incretion in Aquicolous Propagation and of Sudan Dyes in Food by GC-EI-MS by 谭君
学校编码：10384                                分类号      密级        




硕  士  学  位  论  文 
 
水生动植物体内 PAEs 环境激素与食品中苏
丹染料的 GC-EI-MS 分析方法研究 
Study of Phthalic Acid Esters Environmental 
Incretion in Aquicolous propagation and of Sudan 




指导教师姓名：林竹光   副教授 
专  业 名 称：分 析 化 学 
论文提交日期：2006 年 6 月 
论文答辩时间：2006 年 6 月 
学位授予日期：2006 年  月 
答辩委员会主席：           
评    阅    人：           























Study of Phthalic Acid Esters Environmental 
Incretion in Aquicolous biology and Sudan Dyes in 



































































  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 


















目         录 
厦门大学硕士学位论文 I
目     录 
摘要 i 
Abstract ii 
第 1 章 绪论 1 
1.1 环境激素问题 1 
1.1.1 环境激素的定义 1 
1.1.2 环境激素的研究历程 2 
1.1.3 环境激素的分类 3 
1.1.4 环境激素的污染与危害 4 
1.2 邻苯二甲酸酯类环境激素 7 
1.2.1 邻苯二甲酸酯的性质 7 
1.2.2 PAEs 的用途 8 
1.2.3 PAEs 的危害 9 
1.2.4 PAEs 的污染状况 10 
1.2.5 PAEs 分析研究现状 10 
1.3 存在问题及研究前景 19 
1.4 课题意义及研究内容 20 
1.5 课题展望 20 
参考文献 1 21 
第 2 章 PAEs 环境激素 GC-EI-MS 分析方法的建立 25 
2.1 概述 25 
2.2 NIST 标准谱图及初步解析 25 
2.2.1 EI-MS 中的各种离子类型 26 
2.2.2 DMP 的 EI-MS 标准谱图与初步解析 28 
2.2.3 DMIP 的 EI-MS 标准谱图与初步解析 29 













水生动植物体内邻苯二甲酸酯类环境激素与食品中苏丹染料的 GC-EI-MS 分析研究 
厦门大学硕士学位论文 II 
2.2.5 DAlP 的 EI-MS 标准谱图与初步解析 31 
2.2.6 DPrP 的 EI-MS 标准谱图与初步解析 32 
2.2.7 BB(I.S.)的 EI-MS 标准谱图与初步解析 33 
2.2.8 DIBP 的 EI-MS 标准谱图与初步解析 34 
2.2.9 DBP 的 EI-MS 标准谱图与初步解析 35 
2.2.10 DMEP 的 EI-MS 标准谱图与初步解析 36 
2.2.11 DEEP 的 EI-MS 标准谱图与初步解析 37 
2.2.12 DPeP 的 EI-MS 标准谱图与初步解析 38 
2.2.13 DHP 的 EI-MS 标准谱图与初步解析 39 
2.2.14 BBP 的 EI-MS 标准谱图与初步解析 40 
2.2.15 DCHP 的 EI-MS 标准谱图与初步解析 41 
2.2.16 DEHP 的 EI-MS 标准谱图与初步解析 42 
2.2.17 DPhP 的 EI-MS 标准谱图与初步解析 43 
2.2.18 DPhIP 的 EI-MS 标准谱图与初步解析 44 
2.2.19 DOP 的 EI-MS 标准谱图与初步解析 45 
2.3 GC-MS 分析方法的建立 46 
2.3.1 溶剂与标准品 46 
2.3.2 仪器与设备 46 
2.3.3 实验步骤 46 
2.3.4 色谱方法的选择 47 
2.3.5 升温程序的选择 47 
2.3.6 质谱方法的选择 49 
2.3.7 质谱分析方式的选择 49 
2.3.8 SIM 分析方法的建立 52 
参考文献 2 54 
第 3 章 水生动植物体内 PAEs 富集分析 55 
3.1 前言 55 
3.2 实验部分 56 













目         录 
厦门大学硕士学位论文 III
3.2.2 仪器与设备 57 
3.2.3 实验步骤 57 
3.2.3.1 仪器测定 57 
3.2.3.2 样品前处理 58 
3.3 结果与讨论 59 
3.3.1 定性定量方式的选择 59 
3.3.1.1 仪器定性方式 59 
3.3.1.2 定量方式的选择 59 
3.3.1.3 内标物的选择 61 
3.3.2 样品前处理条件的优化 62 
3.3.2.1 提取 62 
3.3.2.2 净化预分离 64 
3.3.3 样品前处理条件的开发 75 
3.3.3.1 高速匀浆提取-高速离心净化 75 
3.3.3.2 超声提取-高速离心净化 75 
3.3.3.3 超声提取-低温脱脂净化 76 
3.3.4 实际样品的分析结果 76 
3.3.4.1 藻类和干货样品 77 
3.3.4.2 鱼类样品 79 
3.3.4.3 贝类、甲壳类和头足类样品 81 
3.3.5 质量保证 82 
3.3.5.1 分析空白的控制 82 
3.3.5.2 检测限(LOD)  83 
3.3.5.3 准确度(Accuracy)  85 
3.3.5.4 精密度(Precision)  85 
3.3.5.5 线性范围(Linear Range)  86 
3.4 小结 86 














水生动植物体内邻苯二甲酸酯类环境激素与食品中苏丹染料的 GC-EI-MS 分析研究 
厦门大学硕士学位论文 IV 
第 4 章 辣椒酱和番茄酱中苏丹Ⅰ和苏丹Ⅱ的同时快速分析 91 
4.1 前言 91 
4.2 苏丹Ⅰ和苏丹Ⅱ的性质 93 
4.3 苏丹Ⅰ和苏丹Ⅱ的 EI-MS 碎片离子结构与断裂机理 93 
4.4 实验部分 95 
4.4.1 试剂与药品 95 
4.4.2 仪器与设备 96 
4.4.3 实验步骤 96 
4.4.3.1 样品的前处理过程 96 
4.4.3.2 仪器分析条件 96 
4.5 结果与讨论 97 
4.5.1 样品前处理过程条件的选择 97 
4.5.2 仪器分析参数的选择 97 
4.5.3 定性和定量方式 98 
4.5.4 进样方式的选择 101 
4.5.5 线性回归方程、相关系数与方法检测限 101 
4.5.6 方法回收率和精密度 102 
4.5.7 样品分析结果 102 
4.6 小结 103 
参考文献 4 104 
结束语 105 
附录 1 世界野生动物基金会(WWF)提出的环境激素分类表 107 
附录 2 美国环保总局（EPA）优先控制污染物“黑名单”——有毒有机化合物
 109 






















Chapter 1 Prolegomenon 1 
1.1 Environmental Incretion 1 
1.1.1 Definition of Environmental Incretion 1 
1.1.2 Study Course of Environmental Incretion 2 
1.1.3 Classes of Environmental Incretion 3 
1.1.4 Pollution and Harmfulness of Environmental Incretion 4 
1.2 Phthalic Acid Esters of Environmental Incretion 7 
1.2.1 Characters of PAEs 7 
1.2.2 Uses of PAEs 8 
1.2.3 Harmfulness of PAEs 9 
1.2.4 Pollution Status of PAEs 10 
1.2.5 Analytic Study Actuality of PAEs 10 
1.3 Problems and Foreground 19 
1.4 Meaning and Content of the Thesis 20 
1.5 Expectation of the Thesis 20 
References 1 21 
Chapter 2 Establishment of GC-EI-MS Analytical Method 25 
2.1 Summarization 25 
2.2 NIST Standard Spectrum with the Primary Parse 25 
2.2.1 Ions Style in EI-MS 26 
2.2.2 EI-MS Standard Spectrum of DMP with the Primary Parse 28 
2.2.3 EI-MS Standard Spectrum of DMIP with the Primary Parse 29 
2.2.4 EI-MS Standard Spectrum of DEP with the Primary Parse 30 













水生动植物体内邻苯二甲酸酯类环境激素与食品中苏丹染料的 GC-EI-MS 分析研究 
厦门大学硕士学位论文 II 
2.2.6 EI-MS Standard Spectrum of DPrP with the Primary Parse 32 
2.2.7 EI-MS Standard Spectrum of BB(I.S.) with the Primary Parse 33 
2.2.8 EI-MS Standard Spectrum of DIBP with the Primary Parse 34 
2.2.9 EI-MS Standard Spectrum of DBP with the Primary Parse 35 
2.2.10 EI-MS Standard Spectrum of DMEP with the Primary Parse 36 
2.2.11 EI-MS Standard Spectrum of DEEP with the Primary Parse 37 
2.2.12 EI-MS Standard Spectrum of DPeP with the Primary Parse 38 
2.2.13 EI-MS Standard Spectrum of DHP with the Primary Parse 39 
2.2.14 EI-MS Standard Spectrum of BBP with the Primary Parse 40 
2.2.15 EI-MS Standard Spectrum of DCHP with the Primary Parse 41 
2.2.16 EI-MS Standard Spectrum of DEHP with the Primary Parse 42 
2.2.17 EI-MS Standard Spectrum of DPhP with the Primary Parse 43 
2.2.18 EI-MS Standard Spectrum of DPhIP with the Primary Parse 44 
2.2.19 EI-MS Standard Spectrum of DOP with the Primary Parse 45 
2.3 Establishment of GC-MS Analytical Method 46 
2.3.1 Solvents and Reference Materials 46 
2.3.2 Instrument and Equipment 46 
2.3.3 Experimental Process 46 
2.3.4 Selection of GC Method 47 
2.3.5 Selection of Temperature Increasing Process 47 
2.3.6 Selection of MS Method 49 
2.3.7 Selection of MS Analytical Manner 49 
2.3.8 Establishment of SIM Analytical Mode 52 
References 2 54 
Chapter 3 Analytical of PAEs in aquicolous propagation 55 
3.1 Prolegomenon 55 
3.2 Experimental Part 56 
3.2.1 Reagent and Medicine 56 

















3.2.3 Experimental Process 57 
3.2.3.1 Instrumental Determination 57 
3.2.3.2 Pretreatment 58 
3.3 Results and Discussion 59 
3.3.1 Qualitative and Quantitative Method 59 
3.3.1.1 Qualitative Method of Instrument 59 
3.3.1.2 Selection of Quantitative Manner 59 
3.3.1.3 Selection of Internal Standard 61 
3.3.2 Optimization of Pretreatment 62 
3.3.2.1 Extraction 62 
3.3.2.2 Preseparation Clean-up 64 
3.3.3 Exploiture of Pretreatment 75 
3.3.3.1 High-Speed Churning-High-Speed Centrifugal Separation 75 
3.3.3.2 Ultrasonic Extraction-High-Speed Centrifugal Separation 75 
3.3.3.3 Ultrasonic Extraction-Degreased in low Temperature 76 
3.3.4 Analytical Results of Samples 76 
3.3.4.1 Algae Samples and Dried Samples 77 
3.3.4.2 Fish Samples 79 
3.3.4.3 Seashell, Shellfish and Cephalopod Samples 81 
3.3.5 Quality Guarantee 82 
3.3.5.1 Blank Control 82 
3.3.5.2 Limit of Detection (LOD)  83 
3.3.5.3 Accuracy 85 
3.3.5.4 Precision 85 
3.3.5.5 Linear Range 86 
3.4 Brief Summary 86 
References 3 87 
Chapter 4 Analytical of SudanⅠand SudanⅡin Chili Sauces and 













水生动植物体内邻苯二甲酸酯类环境激素与食品中苏丹染料的 GC-EI-MS 分析研究 
厦门大学硕士学位论文 IV 
4.1 Prolegomenon 91 
4.2 Character of SudanⅠand SudanⅡ 93 
4.3 Structures of EI-MS Fragments with the Primary Parse 93 
4.4 Experimental Part 95 
4.4.1 Reagent and Medicine 95 
4.4.2 Instrument and Equipment 96 
4.4.3 Experimental Process 96 
4.4.3.1 Pretreatment 96 
4.4.3.2 Instrumental Analytical Condition 96 
4.5 Results and Discussion 97 
4.5.1 Optimization of Pretreatment Conditions 97 
4.5.2 Optimization of Instrumental Analysis Parameter 97 
4.5.3 Qualitative and Quantitative Manner 98 
4.5.4 Optimization of Injection Manner 101 
4.5.5 Linear Regression Equation, Correlation Coefficient and LOD 101 
4.5.6 Recovery and Precision 102 
4.5.7 Analytical Results of Samples 102 
4.6 Brief Summary 103 
References 4 104 
Tag 105 
Appendix 1 Environmental Incretion Classes by World Wildlife Found (WWF)
 107 
Appendix 2 Blacklist of Pollutants Controlled Firstly by Environmental 
Protection Agency (EPA)-Poisonous Organic Compounds 109 
Appendix 3 Blacklist of Pollutants Controlled Firstly in Environment in China
 112 
Appendix 4 Character of PAEs and internal Standard 113 














摘  要 
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生态的严重破坏和对人类的巨大威胁，有人将 PAEs 称为“第二个全球性 PCBs
污染物”。 
本论文致力于水生动、植物体内 PAEs 含量的分析，建立了丙酮超声提取、
Florisil 硅藻土净化预分离和 GC-EI-MS 定性与定量的分析方法，分析了多种水生
动植物体内的 17 种 PAEs 类环境激素。内容分为四章： 




第二章  简述了 PAEs 气相色谱-电子轰击离子化质谱的选择离子监测（Gas 
Chromatography-Electron Impact Ionization Mass Spectrometry Selected Ions 
Monitoring，GC-EI-MS SIM）分析方法的建立。从 PAEs 的物理化学性质分析，
探讨了不同气相色谱分析参数的设置，尤其是色谱柱程序升温的设置，确定采用
恒温的方法使目标物达到基线分离。同时优化了质谱参数的设置，主要是质谱离
子化方式的选择，决定采用 EI 方式。最后对 17 种 PAEs 化合物的 EI-MS 主要碎
片离子的结构及其碎裂机理进行了初步解析，为 PAEs 类环境激素的定性与定量
分析供依据，从而确定了 SIM 分析的特征碎片离子，建立了 PAEs 类环境激素
GC-EI-MS SIM 同时分析的分析方法。 






































With the development of science and technology, people touched and used lot of 
chemical materials, and emitted a mass of wastes at the same time, which made great 
harm to the entironment especially the problem of Environmental Incretion. Phthalic 
Acid Esters which are a kind of Environmental Incretion consist extensively in the 
plastic materials as the additive. Along with the production and application of plastic 
products, PAEs were released in the environment and made bad effect to the zoology, 
which threatened the human beings. PAEs was called as “the second global PCBs 
pollutant” by someone. 
This thesis was applied to analyze PAEs in organism. The method was as 
following, extracted in acetone, separated by Florisil diatomite, then analyzed by 
GC-EI-MS qualitatively and quantitatively. Seventeen PAEs were analyzed in 
aquicolous propagation. The whole thesis was divided in four parts. 
The first part simply introduced the study of PAEs Environmental Incretion in 
China and abroad. The conception, research development, classed and pollution 
harmfulness of Environmental Incretion was explained. The character, application, 
toxicity, pollution status and analytical method of PAE was interpreted. 
Contemporarily, the problems and the meaning of the task was introduced. Then we 
made an expectation. At last, the content of the study was briefly shown. 
The second part briefly introduced the establishment of the analytical method, 
Gas Chromatography-Electron Impact Ionization-Mass Spectrometry-Selected Ions 
Monitoring(GC-EI-MS SIM). The structures of PAEs fragments and their rupture 
mechanisms were parsed primarily to give mass messages detailedly in quantification. 
The parameters of GC instrument was set to discuss the effect made to the results. The 
temperature increasing process of the chromatography column was studied especially 
and constant temperature was used to separate the objects completely. The parameters 
of mass spectrometry was optimized to determine the use of ionization manner. 
Finally, characteristic fragments were chose to analyze by SIM mode. 
The third part developed a GC-EI-MS method for simultaneous determination of 
seventeen PAEs in aquicolous propagation. Firstly, the extraction manner, selection of 















proportion of eluent and the elution curve were optimized during the pretreatment 
process. Secondly, the control of analytical blank was studied to find the solution of 
pollution. Thirdly, the recoveries, limit of detection, accuracy, precision and linear 
range of the method were investigated in detail to pledge the quality. Finally, PAEs 
were analyzed in algae, fish, seashell, shellfish, cephalopod and dried samples. 
The forth part developed a GC-EI-MS method for simultaneous determination of 
SudanⅠand SudanⅡin hot chili sauces and tomato sauces. Firstly, the structures of 
fragments and their rupture mechanisms were parsed primarily. Secondly, the 
pretreatment conditions, analytical parameters of instrument, qualitative and 
quantitative manner and injection manner were optimized. Finally, Linear Regression 
Equation, Correlation Coefficient, LOD, the recoveries and RSD of the method were 
investigated in detail to pledge the quality. Multiplicate hot chili sauces and tomato 
sauces were analyzed, and SudanⅡwas never detected while SudanⅠwas determined 
at any moment. 
Keyword: Environmental Incretion, phthalic acid esters, PAEs, aquicolous 
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